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Scope/Contents

The Atmosphere class used to calculate temperature / density above a body using multiple models.
This class is used to hold relevant atmospheric properties and to compute the density for a given
set of spacecraft relative to a specified planet. Planetary parameters, including position and input
message, are settable by the user. Internal support is provided for Venus, Earth, and Mars. In a given
simulation, each planet of interest should have only one Atmosphere model associated with it linked to
the spacecraft in orbit about that body.
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1 Model Description

1.1 General Module Function

The purpose of this module is to implement an exponential neutral atmospheric density and temper-
ature model. By invoking the atmosphere module, the default values are set such that this basic
exponential atmosphere model returns zero for all inputs. Initial values can be specified using the
setSimPlanetEnvironment.exponentialAtmosphere() macro. The reach of the model controlled
by setting the variables envMinReach and envMaxReach to positive values. These values are the alti-
tude above the planets surfaces assuming an equatorial radius and spherical shape. The default values
are -1 which turns of this checking where the atmosphere model as unbounded reach.

1.2 Exponential Atmosphere

Under the assumption of an isothermal atmosphere, an expression for atmospheric density can be readily
arrived at by combining the equations of hydrostatic equilibrium with the ideal gas law and integrating,
yielding:

;h
p = poe "o (1)
where pg is the density at the planet’s surface, h is the altitude, and hg is the atmospheric scale height
derived from the weighted-average behavior of the species that make up the atmosphere. A list of these
parameters for atmospheric bodies in the solar system is available from NASA here. For more detail,
see Reference 1.


https://nssdc.gsfc.nasa.gov/planetary/planetfact.html

Doc. ID: Basilisk-Atmosphere Page 2 of 4

2 Module Functions

This module will:

o Compute atmospheric density and temperature: Each of the provided models is fundamentally
intended to compute the neutral atmospheric density and temperature for a spacecraft relative
to a body. These parameters are stored in the AtmoPropsSimMsg struct. Supporting parameters
needed by each model, such as planet-relative position, are also computed.

e Communicate neutral density and temperature: This module interfaces with modules that
subscribe to neutral density messages via the messaging system.

e Subscribe to model-relevant information: Each provided atmospheric model requires different
input information to operate, such as current space weather conditions and spacecraft positions.
This module automatically attempts to subscribe to the relevant messages for a specified model.

e Support for multiple spacecraft and model types Only one Atmosphere module is required for
each planet, and can support an arbitrary number of spacecraft. Output messages for individual
spacecraft are automatically named based on the environment type.

3 Module Assumptions and Limitations

Individual atmospheric models are complex and have their own assumptions. For details about tradeoffs
in atmospheric modeling, the reader is pointed to 1.

4 Test Description and Success Criteria
This section describes the specific unit tests conducted on this module.
4.1 test_integratedTestAtmosphere.py

This integrated runs a section of an orbit and verifies that the exponential atmosphere model both
correctly calculates the orbit altitude and the atmospheric density against a Python implementation of
the model. A single spacecraft is simulated about Earth, and no minimum or maximum reach is set.
No planet ephemeris message is setup causing the simulation to assume the planet center is at the
coordinate frame origin.

4.2 test_unitTestAtmosphere.py

This unit test only runs the atmosphere Basilisk module with two fixed spacecraft state input messages.
The simulation option useDefault checks if the default atmosphere parameters for an Earth-based
exponential atmosphere module are used, or if the exponential model information is setup manually. The
option useMinReach dictates if the minimum altitude check is performed, while the option useMaxReach
checks if the maximum reach check is performed. The option usePlanetEphemeris checks if a planet
state input message should be created. All permutations are checked.

5 Test Parameters
The simulation tolerances are shown in Table 2. In each simulation the neutral density output message

is checked relative to python computed true values.

Table 2: Error tolerance for each test.

Output Value Tested Tolerated Error
neutralDensity 1e-05 (relative)
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6 Test Results

The following two tables show the test results. All tests are expected to pass.

Table 3: Test result for test_integrated TestAtmosphere.py

Check [ Pass/Fail
1 PASSED

Table 4: Test result for test_unitTestAtmosphere.py

useDefault | useMinReach | useMaxReach | usePlanetEphemeris | Pass/Fail
False False False False PASSED
False False False True PASSED
False False True False PASSED
False False True True PASSED
False True False False PASSED
False True False True PASSED
False True True False PASSED
False True True True PASSED
True False False False PASSED
True False False True PASSED
True False True False PASSED
True False True True PASSED
True True False False PASSED
True True False True PASSED
True True True False PASSED
True True True True PASSED

7 User Guide
7.1 General Module Setup

This section outlines the steps needed to add an Atmosphere module to a sim. First, the atmosphere
must be imported and initialized:

from Basilisk.simulation import exponentialAtmosphere
newAtmo = exponentialAtmosphere.ExponentialAtmosphere ()
newAtmo.ModelTag = "ExpAtmo"

By default the module uses parameters such that there is no neutral density, and the output is zero'd.
To add specific exponential atmosphere model parameters, use:

newAtmo.exponentialParams.baseDensity = baseDensityValue
newAtmo.exponentialParams.scaleHeight = scaleHeightValue
newAtmo.planetRadius = planetRadiusValue

To specify a preset exponential model, such as for Earth, the following macro can be used:
simSetPlanetEnvironment.exponentialAtmosphere (newAtmo, "earth")

The model can then be added to a task like other simModels. Each Atmosphere calculates atmo-
spheric parameters based on the output state messages for a set of spacecraft.
To add spacecraft to this module, use

newAtmo.addSpacecraftToModel (scObject.scStateOutMsg)



Doc. ID: Basilisk-Atmosphere Page 4 of 4

where sc0InMsg is the spacecraft state output message. This command can be run multiple times to
add more than 1 spacecraft. Note that the order of the vector of output messages will match the order
that these spacecraft are added. By adding the spacecraft this routine will subscribe the spacecraft
output message as an input message to this module.

7.2 Planet Ephemeris Information

The optional planet state message name can be set by directly adjusting that attribute of the class:
newAtmo.planetPosInMsg.subscribeTo(planetMsg)

If SPICE is not being used, the planet is assumed to reside at the origin.
7.3 Setting the Model Reach

By default the model doesn't perform any checks on the altitude to see if the specified atmosphere model
should be used. This is set through the parameters envMinReach and envMaxReach. Their default
values are -1. If these are set to positive values, then if the altitude is smaller than envMinReach or
larger than envMaxReach, the density is set to zero.
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